Adequate absorption and transport of drugs in the body is the ultimate aim of optimal drug delivery systems. Peroral administration of drugs, the preferred route of drug administration by both clinicians and patients, has several disadvantages, such as hepatic first pass metabolism, longer onset of action and enzymatic degradation of drugs within the GI tract. Mucoadhesive buccal drug delivery systems have currently become an interesting topic for drug delivery research owing to their potential to optimize localized drug delivery, by retaining dosage forms at the site of action or within the absorption site (1). Buccal mucosa is well supplied with both vascular and lymphatic circulation and drug administered through buccal mucosa can circumvent first-pass hepatic Buccal patches of salbutamol sulfate were prepared using five different water soluble polymers in various proportions and combinations using PEG-400/PG as plasticizers. A 3 2 full factorial design was used to design the experiments for each polymer combination. Patches were laminated on one side with a water impermeable backing layer for unidirectional drug release. The thickness of medicated patches ranged between 0.2 and 0.4 mm and showed an increase in mass whenever PEG-400 was used as plasticizer. The surface pH of all patches approached neutral. Eight formulations which had shown high folding endurance (> 300) were selected for evaluation. Patches prepared with PEG-400 showed a high swelling index. The residence time of the tested patches ranged between 105 and 130 min. Formulations A10, A32, B10 and B32 fitted the Higuchi model best, whereas formulations A19 and B19 showed super case II transport drug release. Stability studies indicated that there was no change in the chemical and physical characteristics during the test period of 6 months.
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Keywords: salbutamol sulfate, mucoadhesive patches, buccal drug delivery, 3 2 full factorial design combination. Aqueous polymer solutions of different concentrations were mixed in different ratios as mentioned in Table I . The above polymer solutions were mixed with 2 mL of PG or PEG on a magnetic stirrer, at low rpm, for a period of 1 hour to get a homogenous clear solution. To this mixture, a drug solution corresponding to 230.4 mg was added and mixed thoroughly. This solution was then poured into a specially fabricated Teflon ® coated circular dish (9.6 cm diameter). Patches were then allowed to dry at room temperature for 2 hours and were further dried for 36 hrs at 60 o C in a hot air oven. Finally, the patches were vacuum dried for 4 hours at room temperature in a vacuum desiccator. After careful examination, the dried patches were removed, checked for any imperfections or air bubbles and cut into 2 cm diameter patches using a specially fabricated circular stainless steel cutter. The patches were laminated on one side with a water impermeable backing layer (Pidilite ® BOPP film). The samples were packed in aluminium foil and stored in a glass container at room temperature.
Evaluation of patches. -Mass uniformity, thickness and folding endurance were determined for the patches without a backing membrane. Mass uniformity and thickness were tested in 3 different, randomly selected, individual patches from each batch using an electronic balance and a standard screw gauge, respectively. Folding endurance of the patches was determined by repeatedly folding one patch at the same place till it broke or folded up to 300 times without breaking (12) .
For drug content evaluation, the medicated patch (without backing membrane) was allowed to dissolve in 10 mL of simulated saliva solution (pH 6.2) for 2-3 hours under occasional shaking. The resultant solution was filtered through 0.46-mm filter paper and after suitable dilution, the amount of SS present in the patch was determined spectrophotometrically at 278 nm (Shimadzu 1800, Japan)
Surface pH of the buccal patches (without backing membrane) was determined by a modified method reported by Bottenberg et al. (13) . Buccal patches were left to swell for 2 hours on the surface of an agar plate, prepared by dissolving 2 % (m/V) agar in warmed isotonic phosphate buffer (pH 6.75) under stirring and then pouring the solution into a Petri dish till it gelled at room temperature. The surface pH was measured by bringing a combined glass electrode in contact with the surface of the patch, allowing it to equilibrate for 1 minute. The experiment was repeated thrice and the average was taken.
During the swelling studies, the diameter of the original patch (without backing membrane) was determined first (2 cm). Then the sample was allowed to swell on the surface of an agar plate (prepared as described in the measurement of surface pH section) kept in an incubator maintained at 37°C. Measurement of the swollen patch diameter was carried out at predetermined time intervals for 90 minutes (11) .
Residence time (ex vivo mucoadhesion time)
The ex vivo mucoadhesion (residence) time was determined using a locally modified USP 23 (Erweka ZT72) disintegration apparatus (14, 15) . In the current study, pig mucosa was used as the mucosal membrane because pig buccal membrane closely resembles the human buccal membrane in structure and permeability. The mucosal membrane was separated by removing the underlying fat and loose tissues. The membrane was washed with distilled water and then with simulated saliva (pH 6.2) at 37°C. Pig buccal mucosa, 3 cm long, was glued to the surface of a glass slide. One side of the patch was wetted with one drop of simulated saliva (pH 6.2) and pasted to the pig buccal mucosa by applying a light force with a fingertip for 20 seconds. The glass slide was vertically fixed to the disintegration apparatus and allowed to move up and down (25 times per min) so that the patch was completely immersed in the buffer solution at the lowest point and was out at the highest point. The beaker was filled with 800 mL of simulated saliva (pH 6.2) and was kept at 37 ± 1°C. The time required for the patch to detach from the buccal mucosa was recorded as the mucoadhesion time. The experiment was repeated thrice and the average was taken.
In vitro drug dissolution
The dissolution study was carried out using a USP 23 Type-2 rotating paddle dissolution test apparatus (Electrolab, EDT-08Lx) (14) . The dissolution medium used was 100 mL of simulated saliva solution (pH 6.2) at 37 ± 5°C, which was stirred at 50 rpm. The patch of 2-cm diameter was fixed onto the glass disk with the help of cyanoacrylate adhesive. The disk was put at the bottom of the dissolution vessel so that the patch remained on the upper side of the disk. Samples (4 mL) were withdrawn at pre-determined time intervals (5, 10, 15, 30, 45, 60, 90, 120, 150 and 180 min) and replaced with an equal volume of dissolution medium. The samples were filtered through a 0.45-mm filter and appropriately diluted with simulated saliva solution (pH 6.2) and assayed spectrophotometrically at 278 nm. The mechanism of drug release from the buccal patches was determined by finding the best fit of the release data to Higuchi and Korsmeyer-Peppas plots (16, 17) . The release rate constants k and n of each model were calculated by linear regression analysis. Coefficients of determination (R 2 ) were used to evaluate the accuracy of the fit.
In vitro drug permeation
The in vitro buccal permeation of SS was studied through the pig buccal mucosa using a Franz-diffusion cell. The tissue preparation was similar to that explained previously. Freshly obtained buccal mucosa was mounted between the donor and receptor compartments so that the smooth surface of the mucosa faced the donor compartment. The patch was placed on the mucosa and the compartments were clamped together. The donor compartment was slightly wetted with 1 mL of simulated saliva. The receptor compartment was filled with isotonic phosphate buffer pH 7.4. The diffusion cell was thermostated at 37 ± 2°C and the receptor compartment was stirred at a rate of 100 rpm (14, 18) . One mL sample was withdrawn at pre-determined time intervals using a butterfly canula and syringe. The buffer was immediately replaced using blank pre-warmed buffer. After filtration through 0.45-mm filter and appropriate dilution, the samples were analyzed for the drug content at 278 nm.
Accelerated stability studies and stability in human saliva
Selected patches were subjected to accelerated stability testing by wrapping them in aluminium foil and packing in glass vials. These patches were kept in an incubator maintained at 37 ± 0.5°C and 75 ± 5 % RH for 6 months. Changes in the appearance (color, shape), residence time and drug content of the stored patches were investigated after 1, 2, 3, 5 and 6 months. The data presented were the mean of three determinations. Stability of the selected patches was assessed in natural human saliva collected from healthy human adult volunteers. Patches were placed in separate Petri dishes containing 5 mL of human saliva and kept in a temperature-controlled oven at 37 ± 0.2°C.
RESULTS AND DISCUSSION

Formulation of mucoadhesive buccal patches
In the present study, buccal patches of SS were prepared by different polymer combinations of HPMC, PVA, Cp, NaCMC and PVP using the solvent casting method. A total of 72 formulations were prepared in triplicate using a 3 2 factorial design. Factorial design was used only to design the experiments. PG or PEG-400 were used as plasticizers.
Impermeable backing membrane is an essential part of a buccal mucoadhesive patch to obtain unidirectional drug flow. Backing membrane prevents loss of the drug at the required site and also minimizes the exposure of other tissues to the drug by preventing bidirectional flow. Many authors have used ethyl cellulose as a backing membrane but reports have shown some permeability. Also, laminating the patches with ethyl cellulose film was not completely successful (19) . Therefore, in the current study, we have used the BOPP film as a backing membrane.
One of our major aims during the formulation step was to avoid use of organic solvents to prevent any unwanted residual solvent complications in vivo. Use of water as a solvent was the reason for the long duration of drying time during the formulation step (36 hours).
Mass, thickness, folding endurance, drug content and surface pH
Physicochemical characteristics of the medicated patches are shown in Table II . The prepared patches were smooth, uniform in thickness, mass, drug content and showed no visible cracks or folds. The thickness of the medicated patches ranged between 0.2 ± 0.00 2 and 0.4 ± 0.0 1 mm, and the mass of the patches varied between 42.7 ± 2.8 and 85.19 ± 2.1 mg. It was noticed that the mass of the patches increased with PEG 400 as plasticizer. The surface pH of all the patches ranged from 6-7 and hence no mucosal irritation was expected. The patches showed favorable drug loading which varied between 8.3 ± 0.4 and 9.7 ± 0.4 mg per 2 cm -2 patches (i.e., drug loading efficacy of 83 to 97 %). All patches showed satisfactory folding endurance of >150. Of these 72 formulations eight patches (A1, A10, A19, A32, B2, B10, B19 and B32) showed high folding endurance of over 300. Therefore these patches were selected for further evaluations.
Swelling studies
Swelling behavior of selected SS patches as a function of time is illustrated in Fig. 1 . The swelling indices of the patches were high (up to 62 ± 4 for A10 at the end of 90 min) and varied between the formulations. Higher swelling indices may be due to the presen- ce of water soluble polymers. The swelling behavior provides an indication of the relative moisture absorption capacities of polymers and whether the formulations maintain their integrity after absorption of moisture. Differences in swelling of the tested hydrophilic polymers could be explained by the difference in resistance of the matrix network structure (hydrogen bond) to the movement of water molecules. In addition, the presence of a water-soluble drug might have improved the surface wetting of the matrix. The swelling indices increased in the following order: B10<B32<B2<B19<A19<A32<A1< A10. It was seen that patches with PEG-400 showed more swelling compared to those with PG. This index even reached a maximum value of 62 for formulation A10 after 90 min. This could be due to higher water uptake of PEG-400 compared to PG. The presence of PEG-400 could have altered the water distribution within such systems and thereby modified the polymer matrix structure (20) . Even though the swelling indices were high, the patches did not show any appreciable changes in shape and form and maintained their integrity during the study period.
Residence time (ex vivo mucoadhesion time)
The values of ex vivo mucoadhesion time are presented in Fig. 2 . The residence time of the tested patches ranged between 105 and 130 min. Previous studies reported no relation between mucoadhesion strength and mucoadhesion time (18) . However, none of the patches were detached from the mucosal membrane over the study period, which indicated that the bioadhesion of all patches was sufficient to retain the patch on the buccal mucosa.
In vitro drug dissolution
In vitro release of SS from different patches is shown in Fig. 3 . The maximum in vitro release was evaluated to be 101.3 ± 1.8 % over a period of 60 min for formulation A10. This finding was also in agreement with the swelling studies where A10 showed the ma- ximum swelling index. Formulations A1, B2, B10 and B32 showed maximum drug release after 45 min, A10, A32, B19 showed maximum drug release after 60 min and A19 showed maximum drug release after 90 min. Faster drug release can be correlated with the high swelling indices observed in this study. From the drug release profile we could not detect any relation between the drug release and polymer composition. From an initial examination, the drug release profile of all patches showed an erratic drug release, which was not appropiate for a controlled drug delivery system. The drug release mechanism from controlled release devices is very complex, and not yet completely understood. Although some processes may be classified as either purely diffusional or purely erosion controlled, many others can only be interpreted as being governed by both. The R 2 , k and n values are given in Table III . Formulations A10, A32, B10 and B32 provided good fit to the Higuchi model. According to this model, the drug release from these patches may be controlled by diffusion through the micropores. The remaining formulations showed the best fit to the Korsmeyer-Peppas model. Formulations A1, A10, B2, A32, B10 and B32 showed Fickian release, which is characterized by a linear dependence of the released drug on the square root of time, which is concentration dependent. Formulations A19 and B19 showed super case II transport drug release. This mechanism could result from increased plasticization at the relaxing boundary. When swelling is predominant, drug diffusion probably occurs through the solvent-filled pathways of the swollen patch. Erosion of the matrix can also influence drug release from this polymer matrix. A relative contribution of erosion and diffusion to the overall release mechanism is suggested. Since all the polymers studied in these formulations were hydrophilic in nature, we could not correlate the difference in the mechanism of drug release with the polymer properties.
In vitro drug permeation
The drug permeation was fast and showed a similar profile to that of the in vitro drug release. From formulation A10, 100 % of SS was permeated over a period of 60 min. This finding was also in agreement with the swelling studies where A10 showed the maximum swelling index. Formulations A1, B2, B10 and B32 showed maximum drug permeation after 45 min, A10, A32 and A19 showed maximum drug permeation after 60 min, and A19 showed maximum drug permeation after 90 min. SS was released from the formulations and permeated through the porcine buccal membrane and hence could possibly permeate through the human buccal membrane as well. There was a good correlation between the in vitro drug release and in vitro drug permeation results. The coefficient of determination, R 2 was > 0.994 for A1, A10, A19, A32, B2, B10, B19 and B32.
Accelerated stability studies and stability in human saliva
Accelerated stability study data of the medicated patches is shown in Table IV . During and at the end of the accelerated stability study, the tested patches showed non-significantly different drug content from that observed at the beginning of the study. They also showed satisfactory flexibility and elastic properties during and at the end of the accelerated study period. We have conducted stability studies in normal human saliva to appropriately mimic the drug and device stability in the oral cavity in vivo. No color changes or unexpected changes in the texture were observed. The drug content of the tested patches was in the range of 8.7 ± 0.5 and 9.6 ± 0.3 mg per 2 cm 2 patch. The results of stability studies indicated that there was no influence on the chemical and physical stability of the formulations during the test period. Novel mucoadhesive buccal patches of SS with unidirectional drug delivery were developed to overcome the first-pass metabolism and subsequent low bioavailability of the salbutamol sulfate. The in vitro studies have shown that this is a potential drug delivery system for SS with a considerably good stability and release profile. Future studies are warranted to confirm these results in vivo.
